ABSTRACT
This paper present the project designed to correcting power factor for medical industries in Malaysia automatically. Which with hope to make the cost and energy usage efficient, because the energy source are depleting due to increase in population.
Power factor is the ratio of real power and apparent power. This definition is mathematically represented as kW/kVA where kW is active power and kVA is apparent power (active + reactive). Reactive power is the non-working power generated by the magnetic and inductive load to generate magnetic flux. The increase in reactive power increase the apparent power so the power factor will decrease. Low pF will cause the industry to meet high demand thus making it less efficient. The main aim of this project is to increasing the current power factor of medical industries from 0.85 to 0.90. Power factor compensation contribute to reduction in current-dependent losses and increase energy efficiency while expanding the reliability of planning for future energy network. As technology develops, the gradual cost and efficiency penalty should reduce. Therefore, automatic power factor compensation device should become cost-effective and smaller device over time. That is the reason this project is using programmable device as it is a miniature architecture device. 
INTRODUCTION

Project Background
Electrical power has been proven to be one of the most important resource in Malaysia and due to its high demand and widely used, it has become a very expensive resource.
The cause of its high cost is mainly because of the generation cost, transmission cost and distribution cost. Plus, the demand of commercial and industrial customers varies greatly throughout the day and for them (the industrial consumers) the maximum demand plays and important role in their overall electricity bills. Therefore, they need to ensure that their max demand is low as possible for their substantial savings. This is the main purpose of this project where it is to overcome the unwanted problem, power factor need to be improved by installing Automatic Power Factor Compensation (by adding capacitor load to offset the inductive load present in the power system).
The capacitors can be installed at the service entrance of the plant or on the load side of the metering equipment. These capacitors may supply part, or all of the reactive power required by the plant. There are many benefits by having Automatic Power Factor Compensation device. For the industrial usage, the equipment will have a longer life span and the maintenance costs remain low. According to Sandesh, Singh and Phulambrikar (2012), power factor improvement leads to a huge drop of apparent power drawn from the ac source which in turn protects energy and minimizes the transmission losses.
Motivation
This project will make the consumers actually see the effect of high and low power system in their consumption of energy. When the power factor is very low, the may be able to see the effect and reach out to make the operation system change as needed.
They can increase the power factor by using the automatic power factor compensation which use capacitor and microcontroller as the main components. Thus, this will help in improving the power factor of a system. Plus, the current demand on energy is increasing day by day and the industries growth are inclining. Plus, according to
Ministry of Health Malaysia (MoH), medical industries had been tremendously grow for the past decades, 8% to 10% annually. But on the other hand, the energy sources are depleting due to increase in population.
Problem Statement
Power factor or wasted energy capacity is something that is often being overlooked by the consumer as it does not really give a big effect to them (referring to the residential area) as they do not have to pay any penalties from the TNB and their tariff based on the amount of energy (kWh) used only. On the other hand, TNB imposes on all industries and large power consumption (LPC) to maintain their power factor to no less than 0.85 and failing to maintain their power will result on a penalty being imposed to them. In fact, power factor can result in poor reliability, safety problems and high energy costs as mentioned by Tagwira (2014). The lower the power factor is, the less economical the power system operates. All these problems stated are related and due to low power factor and the current power factor produced by the medical industries (the industry this project focus on) in Malaysia is around 0.9 and the aim is to increase it to 0.95 or nearest to unity so that it can give benefits to both the supplier and consumers.
Objective
The main objectives of this project is:
i. To identify the most suitable software to be used.
ii. To design a circuit for automatic operation for Power Factor Compensation.
iii. To develop a programming code for the Automatic Power Factor
Compensation (APFC) device.
Project Scope
This project is focusing on:
i. Improving existing power factor on medical industries in Malaysia.
ii. To ensure that power factor is more than 0.9.
iii. To design an automatic function of the device.
iv. To determine the value of reactive power (Q).
LITERATURE REVIEW
Introduction
In this chapter, it emphases more on the important theory and assessment related to the work required in developing the project. A thorough research had been done on the factors that affect power factor and the type of corrective instruments used to execute the desired objectives. Besides, it also shows and proves how it can give benefits to the industries that use high voltage supplies.
There are two type of power factor correction which are fixed and automated, and this project focuses on the automated system. There are few main reasons why the power factor correction (or compensation) need to be automated:
i. Stability -A stable power system means stable voltage supply and fewer faults that can reduced costs (especially in the electricity tariff).
ii. Safety -The needs of automated controls is to ensure that the plant must be safe to operate even when there is instability of power system.
Power factor
Ware, J. (2006) described that power factor is the ratio between the useful (true) power (kW) to the total (apparent) power (kVA) consumed by an item of alternating current (A.C) electrical equipment or a complete electrical installation. It is a measure of how efficiently electrical power is converted into useful work output. The ideal power factor is unity, or one. Anything less than one means that extra power is required to achieve the actual task at hand. Power factor is expressed as a percentage (%).
Real power or true power, P is the power that is used to do work on the load. Active power is measured in watts (W) and in the electricity billing, it is stately in kilowatthours (kWH). It is the power drawn by the electrical resistance of a system doing useful work. Reactive power is the power not used to do work on the load.
Reactive power, Q is measured in volt-amperes reactive (VAR) and stored in and 
Power factor correction
Power factor correction can be applied by the electrical utility to improve the stability and efficiency of the transmission network or, it can be installed by the electrical consumer to reduce costs charged by the electrical provider.
Wildi, T. (2006) mentioned that power factor correction (or improvement) is
economically practicable whenever the decrease in the annual cost of electricity exceed the pay back cost of installing the required capacitors. In some cases, the customer has no choice but must obey with the minimum power factor specified by the utility company. The power factor may be amended by installing capacitors at the commercial enterprise or at the service entrance of the factory. In other cases, if the power factor is particularly low, it may be necessary to correct the power factor of the device or machine individually.
Power factor compensation can be defined as a process of correcting the lagging current by producing leading current so that the angle between voltage and current reduces. There will be no power loss if the current and voltage are in phase, thus it can improve the power factor value to nearly unity or even unity. The process is done by connecting few capacitors at the service entrance where the power factor is attuned by an adequate value of capacitance.
The electrical loads that work on alternating current need apparent power which is the product of real power and reactive power. The reason why the electrical load has power factor less than one is, the existence of reactive power makes the apparent power higher than real power. The reactive power increases the current flow from the power sources and the load. When this happens, power losses increases in both distribution and transmission lines. Thus, this results in financial losses for the power provider like Tenaga Nasional Berhad (TNB) which made them require their consumers and customers, especially those who use large loads to maintain their power factor above 0.85 or higher.
Besides the increased in operation costs, reactive power requires the use of higher current capacitance components like wires, switches, transformer and circuit breakers.
Power factor can be improved by few methods such as installed capacitor banks in parallel, synchronous condenser and phase advancer.
Passive power factor compensation
Passive PFC needs lager inductor than active PFC but it still cost less. This is an easy way to correct the nonlinearity in a load by using capacitor bank but it is not as effective as active PFC. According to Amin (2012) , the simplest way to control the harmonic current is to use a filter: it is probable to design a filter that passes current only at line frequency (50 or 60 Hz). This filter decreases the harmonic current, which means that the nonlinear device now looks like a linear load. At this point the power factor can be conveyed to near unity, using capacitors or inductors as requisite. This filter needs large-value high-current inductors which are huge and costly. Passive
PFCs are typically more power efficient than active PFCs. A passive PFC on a switching computer PSU has a typical power efficiency of around 96%, while an active PFC has a typical efficiency of about 94%.
Active power factor compensation
Active PFC is a power electronic system that modified the wave shape of current drawn by a load to correct the power factor. The reason is to make the power factor 
TNB power factor surcharge
According to Tenaga Nasional Berhad (TNB), for customers taking supply at 33 kV or below, the value of the power factor to be retained is more or equal to 0.85. For customers taking supply at 132 kV or above, the value of the power factor to be retained is more or equal to 0.90. If the consumers cannot oblige the value needed, they will be penalised by the power provider in power factor surcharge. A high Power From the example shown, it can be seen that low power factor will cause the industry to be penalised by TNB and this will make them spend more just to settle their penalty.
Therefore, rather than paying higher monthly bill, the power factor should be improved or corrected by using a suitable power factor compensation method.
The uses of capacitors in APFC
Capacitors are widely used in electronic circuits for hindering direct current while permitting alternating current to pass, in filter networks, for smooth out the output of power supplies. An automatic power factor correction unit have a number of capacitors that are switched by means of contactors. These contactors are controlled by a regulator that measures power factor in an electrical network or individual motors.
This assures that only the needed capacitor is energized depending on the load and power factor of the network to ensure the power factor remains above a selected value.
For this type of application, usually a fixed capacitor is used because it is the simplest and cheapest way of power factor correction, based on Tagwira (2014) research.
